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A. SUMMARY

A strategy is proposed for the evaluation of the mutagenic potential of industrial
and plant protection chemicals. A minimum of two genetically independent in vitro
tests is recommended as primary testing procedure.

If negative results are obtained from two tests there is no need for the conduct of
additional tests. Testing in vitro beyond the two stage systems does in general not
give more information concerning "non-mutagenicity"; recent studies show that
almost all of the known mammalian mutagenic chemicals can be detected with a
combination of the Salmonella microsome test and cytogenetic tests in vitro.

If positive results occur in one cr both of the primary tests, the genotoxic status
of the chemical under investigation should carefully be assessed.

A testing strategy based on the use of a complex battery of tests and the
generation of multiple data can no longer be justified scientifically.

B. PREFACE

The growing awareness that some chemicals may have mutagenic properties has
resulted in regulatory and administrat e measures aimed at detecting and
classifyirg mutagenic substances. Industrial and plant protection chemicals to
which human beings are exposed, require an appraisal of their mutagenic potential
to man. An ECETOC Task Force (TF) was set up to give guidance on mutagenicity
testing for these chemicals with the following Terms of Reference :

1. To recommend which tests must be carried out, and in what sequence, to assess
the mutagenicity of industrial and plant protection chemicals in germ cells.

2. To assess whether such testing would meet the main regulatory requirements for
these chemicals.

Genetic information s stored in the nucleic acids (e.g. DNA, RNA) and the
mechanism of duplication and transcription of this information is similar in all
living organisms. Therefore, if mutagenic activity is observed even in prokaryotes
it is possible that the substance or its metabolite(s) may be harmful to man.
Mutagenicity can thus be evaluated in a qualitative way by determining the



genotoxicity of chemicals with various mechanisms of action in organisms involving
different complexities of DNA organisation.

In strict scientific terms, a mutagen* is a substance which induces heritable
change in the genetic material of cells or organisms. Mutations can be expressed as
gene, chromosomal or genome mutations. These changes can be detected by measuring
gene mutation and structural or numerical alterations in chromosomes. The detection
of covalent binding of a chemical to DNA, or of damage and subsequent repair of the
DNA also indicates the possibility of interaction of a chemical with DNA. The
simultaneous presence of all types of effects is not necessary for the proof of
mutagenic/genotoxic activity* but the use of a battery of tests is needed to detect
specific types of alteration. 1f a mutagenic hazard to man is to be assessed, the
route of administration used in the in vivo tests should be relevant to the
route(s) of exposure likely to occur in man.

When a chemical to which human exposure occurs is found to be mutagenic, the
qualitative and quantitative aspects of its mutagenic activity and the extent of
human exposure should all be considered. The 1likelihood and extent of human
exposure depends on the handling practice during production of the chemicals, on
jts intended use and its occurrence, degradation and persistence in the
environment. Since these factors are common to all chemicals, ECETOC considers it
justifiable to propose a common strategy to determine genotoxic/mutagenic hazard of
plant protection and industrial chemicals.

Mutation can be demonstrated using simple organisms in vitro where there is
inheritance of mutagenic events from a cell to its progeny. However, for human
hazard assessment, conclusive evidence that a material poses a heritable hazard can
only come from mammalian in vivo studies designed to identify germ cell effects
e.g. the specific locus, heritable translocation and dominant or recessive lethal
tests. Because such studies are protracted, expensive and involve the use of a
large number of animals, it is becoming the accepted practice to use evidence from
short term tests to predict the potential of chemicals to induce heritable damage.
Such evidence may be obtained from studies on somatic mutation and tissue

* See Appendix 1 for definitions



distribution (which may e.g. indicate accumulation in the gonads), or from
germ-cell mutation studies. These tests are described in Chapter C.

Current practices and recent developments were assessed and a testing strategy for
identifying potential mammalian mutagens 1is proposed. Whether this strategy
complies with legislatory requirements was not taken into account at this stage
because many of them are under current review. The proposal is for a battery of two
simple in vitro tests followed, when necessary, by more informative tests, the type
of which is influenced by the results of these initial studies. The basis for the

selection of the possible test systems and the proposed strategy is described in
Chapter C.

Research has shown that many mutagenic chemicals have carcinogenic activity in
mammals and that mutation may be an essential biological event in the development
of cancer. Short term tests for the detection of genotoxic activity are therefore
generally used also for predicting the carcinogenic activity of chemicals. This
Monograph is limited primarily to the assessment of mutagenic activity in germ
cells. Tt is acknowledged that the initial stages of mutagenic assessment and
carcinogen screening are common,

Tn Chapter D and in Appendix 2 the existing legislatory requirements are reviewed
and summarised. The EEC and other countries have developed gquidelines and schemes
for determining mutagenic activity of chemicals during recent years. The OQECD has
jssued gquidelines only on the design of a number of mutagenicity tests and is now
preparing an introductory paper which will encompass general guidance for such
testing but will not prescribe the testing sequence to be performed.

ECETOC is aware that the strategy proposed here is not in compiete agreement with
all existing legislatory requirements. The present document may provide a stimulus

for the refinement of some of the existing requlatory requirements.

C. STRATEGY FOR THE DETECTION OF GERM CELL MUTAGENS

1. General Considerations

The number of confirmed mammalian germ cell mutagens is relatively small, and
all have been shown to be mutagenic and genotoxic in most in vitro and in vivo

somatic cell assays. Tt was clear that substances would not be mutagenic solely



to the germ cell, consequently a strong indication of the possibility of germ
cell mutagenicity could be obtained from tests performed during screening for
genotoxicity and carcinogenicity. Thus, the proposed strategy is based on a
hierarchy of testing in which it is implicit that testing may cease at any stage
depending on the profile of activities observed. The conclusion that there is
activity at any stage of testing provides the stimulus for further testing or
leads to an assumption of germ cell mutagenicity. Equally, appropriate negative
data generated at any stage of testing can lead to the conclusion that there is
no mutagenic hazard to germ cells without the necessity of further testing.

The strategy proposed is shown diagramatically in Figure T. [ts aims are :

i. To establish the genotoxic status of the test agent in mammalian cells in
vitro.
ii. For agents established as genotoxic in vitro, to evaluate their genotoxic

potential in vivo.
iid. For agents established as genotoxic in vivo, to evaluate their genotoxic or
mutagenic potential in germ cells using genotoxicity or heritability assays.

2. Selection of Assays and Interpretation of Test Results

At the present stage of development of the science of genetic toxicology it was
considered inappropriate to make definitive recommendations regarding the
selection and conduct of assays. Thus while reference is made in Figure 1 and in
the text to, for example, the use of mammalian cell gene mutation assays, no
specific test system is recommended. This approach takes account both of the
potential value of these tests and of the fact that as a class they are
currently under active study in several countries. These studies may lead to
changes in recommended test protocols or to recommendations for the use of
specific assay systems. Likewise, while present data may suggest that certain
test systems do not seem to be optimal for employment in the strategy presented
here (e.g. the rodent sperm morphology assay), others which have not been
jdentified here may be appropriate for use under certain circumstances. The
object of the following section is to highlight current considerations of
relevance to the proposed strategy while leaving freedom for individual scien-
tists to design and conduct experiments appropriate to che particular chemicals
under study. For example, if it was evident that an agent was a specific
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2.1.

clastogen in vitro it may be decided to proceed directly to the conduct of
cytogenetic assays in the bone marrow and the gonads. This could involve the use
of one of the germ cell genotoxicity assays at an earlier stage of testing than
would normally be considered. Equally, it may be most appropriate to examine an
in vitro genotoxin related in chemical structure to an established germ cell
mutagen immediately by conducting a germ cell assay. It is implicit in the
stategy that positive effects observed in somatic tissues should automatically
trigger studies in germ cell assays and that adequate negative evidence in these
would be required to conclude the absence of a germ cell hazard. Tt is
emphasised that testing in somatic tissues should cease with the observation of
a positive response.

In summary, the proposed testing scheme indicates a general and Togical approach
to testing which allows deviation in individually Jjustified instances. For
example with insoluble substances it may not be possible to carry out in vitro
tests and therefore tests on somatic cells in vivo would be performed at the
first stage in such cases.

Tests In vitro

When determining the mutagenic status of a chemical in vitro, several factors
must be carefully considered : the number and types of test used, whether
genetic specificity of action can be accurately established, how to refer to
agents found active and finally, how to respond to jisolated positive test
responses. [n considering these questions the need to minimize testing - but
only to a level consistent with the production of a reliable conclusion - must
be born in mind. The above four issues are discussed below.

a) Number and types of test to employ. There is now general agreement that a
minimum of two genetically independent tests should be conducted on each new
chemical. Likewise there is general agreement that the primary assay should
be the Salmonella mutation test and most investigators and legislative
guidelines favour the use of an assay for chromosomal aberrations as a
minimum second test ( Ashby et al., 1985-a). Additional testing may be
needed depending, for example, on the responses observed in the two initial
tests or because of other information such as established structure-activity
considerations. Additional tests will usually be selected from among the
following :




i) Mammalian cell gene mutation assays, eg L5178Y (TK+/' JTFT), L5178Y,
CHO, V79, (HGPRT+/6TG) or human cells such as the TKé6 (HGPRT+/6TG)
assay. '

ii) Assays for UDS in hepatocytes or established cell Tines.

iii) Assays for SCE in either human lymphocytes or established cell Tlines.

Some investigators ( Gatehouse and Tweats, 1986) favour inclusion of the
mouse bone marrow micronucleus assay as a primary screening test. However,
it is concluded that the conduct of adequate experiments in vitro is
sufficient to identify agents which have the potential to modify DNA
structure or function in vivo.

Genetic specificity of mutagenic action. Evidence supporting the concept

that certain chemicals uniquely produce a certain class of genetic damage in
mammalian cells in vitro remains virtually non-existent. If such specificity
could be established for a chemical then it would influence subsequent
testing in vivo. If genetic specificity is assumed it would be inappropriate
to evaluate a specific gene mutagen using a clastogenicity assay in vivo,
and vice versa. The data base required to refer to a compound as a specific
mutagen may require extensive studies in vitro and these will rarely be
done. It is concluded that agents which elicit reproducible genotoxic
activity in one or both of the primary in vitro tests should generally be
classified as in vitro genotoxins. For practical purposes the subsequent
testing strategy does not take into acccunt mutagenic specificity and this
is supported by the absence of specific activity in the majority of the
known mutagens. In addition, the following factors support the position that
short term tests do not recessarily provide evidence for the specific
mutageric activity of a chemical

i)  The activity of an agent as a gene mutagen in the Salmonella assay is
influenced by the protocol adopted and the extent of the data
generated. For example, an "adequate" experiment according to the OECD
criteria could involve the use of only 4 tester strains (TA1535, 1537,
98 and 100) in the standard plate incorporation assay. However, some
agents found inactive under such conditions of test may be found active
when employing modified test protocols. For example, diethylnitrosamine
is only active in the plate incorporation assay when employing elevated
levels of $9 fraction in the S9 mix (Miller et al., 1980).



i)

ii1)

iv)

4-Dimethyl-aminoazobenzene is generally inactive in the standard plate
assay yet is active when using the pre-incubation test or high levels
of S9 fraction in the plate test (Callander, 1986) and several mutagens
are almost exclusively active in the new tester strains of Salmonella
in use in some laboratories (e.g. TA 102, TA 97).

The activity of a chemical as a clastogen in vitro may be influenced by
the cell type or test protocol employed. For example, hexamethylphos-
phoramide is apparently not clastogenic to CHO cells but is clastogenic
to human lymphocytes (Ashby et al., 1985-a,b) and H202 is clastogenic
to separated human lymphocytes but inactive in whole blood (Howard et

al., 1985).

The conduct of UDS or SCE assays does not provide data on mutagenicity
per se (either gene or chromosomal). Thus data derived from such assays
can only be employed to evaluate the genotoxic status of a chemical, in
particular they cannot be used to define genetic specificity of action.

A widely used mammalian cell "gene-mutation" assay in current use, the
mouse lymphoma L5178Y (TK+/'/TFT) assay, has a dual end point. The
production of small colonies provides evidence of a clastogenic change
to chromosome 11b while large colonies demonstrate gene mutagenicity of
the TK locus on this chromosome. Thus, unless small and large colonies
are distinguished (which often does not happen), it is inappropriate to
associate activity in this assay specifically with gene mutagenicity. A
particularly clear case is provided by procarbazine which 1is not
mutagenic to Salmonella but is very active in the L5178Y assay (Clive,
1987). However, its activity in this assay is almost exclusively
associated with the production of small colonies. Thus, this
"gene-mutation" assay defines procarbazine as a "clastogen".

While the conduct of a minimum battery of standardised in vitro assays can

lead to the definition of mutagens in vitro, interpretation of such
experiments in terms of genetic specificity of action could be misleading.

These several factors combine to indicate that, in the absence of extensive

studies, chemicals should not be classified .as specific types of mutagen on
the basis of observations made in vitro.
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Terminology associated with activity in in vitro assays. The word mutagen
encompasses both gene and chromosomal changes and it is implied that such
changes are heritable. A non-specific test such as for SCE or UDS cannot be
considered a mutagenicity test and thus their inclusion in a battery compli-
cates use of the word "mutagen" for agents found active in these tests.
Further, many of the chromosomal aberrations found in in vitro tests would
prove lethal to the cell and do not therefore fulfill the requirement for
heritability. These factors, coupled to those discussed in b) above relating
to genetic specificity of action, indicate that the term "genotoxic" should
be used to describe agents found active in vitro.

Handling of isolated positive responses observed in vitro. There are two

approaches to in vitro testing, both of which can be supported and both of
which have been accomodated by the strateqgy proposed here. One view is that
genotoxic activities observed in vitro with a chemical should be accepted
and the chemical be reassessed in vivo for evidence of expression in the
whole animal of this innate genotoxicity (Ashby, 1983, 1986). An alternative
approach is that, where genotoxic activity is observed only in a single
assay, additional mammalian cell in vitro assays should be conducted and
that the "weight of evidence" of findings from such tests should be used to
define the true genotoxic status of the chemical (Brusick et al., 1986). In
both of these approaches agents classified by the investigator as genotoxic
in vitro will be assessed further in vivo. Few published data exist at
present by which the implied concept of an assay-specific genotoxin can be

supported, but it 1is not an unreasonable concept. The proposed testing
strateqy is designed to allow for the demonstration of assay specific
genotoxins.

Metabolism and tissue distribution.

When data on metabolism and kinetics provide evidence that a chemical or its
metabolites have reached the germ cells, testing in vivo of a chemical found
to be genotoxic in vitro may not be necessary.

In summary, it is proposed that the first step in evaluating an agent for
possible germ cell mutagenicity should be the definition of its genotoxic
status in vitro using adequate experiments based on a minimum of two
genetically independent assays. Agents found to be non-genotoxic following
adequate examination in vitro are regarded as unworthy of further study in
vivo.
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Tests in vivo.

Two factors endorse the need for experiments in vivo when screening for
possible germ cell mutagens : firstly, the expected and observed greater
sensitivity of in vitro tests and secondly the need to acquire whole mammal
data when screening for a whole mammal event such as germ cell mutagenicity.
The first of these factors 1is associated with the difference between
experiments conducted using cultured cells and those involving whole mammals,
the second is associated with the relationship between germ cell and somatic
cell tissues. Before discussing these two issues it is emphasised that germ
cell tests using Drosophila do not have an unique role in screening for
potential human germ cell mutagens. This view has recently been endorsed by
Vogel who considered that any attempt to use Drosophila germ cell assays as
predictors of effects likely to occur in reproductive organs in mammals will
fail (Vogel, 1987). In the same document, Vogel outlined a continuing role for
Drosophila assays, but only "for predicting mammalian genotoxicity in a broad
sense". Thus, assays in Drosophila may go some way towards bridging the gap
between assays conducted in vitro and those involving mammalian somatic cells
but they have no specific role to play in the prediction of germ-cell specific
effects in mammals.

The difference between experiments in vitro and in vivo. Experience gained

from attempts to predict mammalian carcinogenicity using genotoxicity data
generated in vitro indicates that all in vitro test systems are more
sensitive than their in vivo counterparts. 1t means that the activity of an
agent in vitro cannot be used to define it as a genotoxin/carcinogen in
vivo. The most extensive support for this conclusion comes from recent
publications of the US National Toxicology Program (NTP) where the 4 most
generally employed in vitro genotoxicity tests (Salmonella, SCE and CA in
CHO cells, and the L5178Y assay) have each been shown to detect about one
half of the NTP mouse/rat non-carcinogens as positive (Zeiger and Tennant,
1986). 1t is therefore obvious that in vitro assays can only be employed to
predict potential mammalian genotoxins/ mutagens (and carcinogens) and that
agents found active in these tests should be evaluated further in whole
mammals if reljable predictions of germ cell mutagenicity (and of
carcinogenicity) are to be made.
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b) The use of in vivo somatic cell assays as a pre-screen for potential germ
cell mutagens. One way to detect potential human germ cell mutagens would be
to submit all agents shown to be genotoxic in vitro to a mammalian germ cell
mutagenicity test. This approach was rejected for two reasons. Firstly, the
only assays which provide direct evidence of heritable germ cell mutagenici-
ty (the heritable translocation test and the specific locus assays) demand
too many resources for routine use. Secondly, somatic cell mutagenicity data
are likely to be available for most chemicals and data can provide strong
evidence for and against germ cell mutation.

The proposed testing scheme recommends assessment of the activity of in vitro
genotoxins in vivo. Usually the bone marrow test will be used but the results of
the preceding in vitro tests may also be taken into consideration on particuiar
occasions. If a negative result is obtained in such a test a second test
involving a different tissue may be performed to confirm that the compound is
not genotoxic in vivo. In specific cases, reasons may be sufficient to show that
the conduct of a second in vivo test is not necessary. This approach is
supported by the fact that all rodent germ cell mutagens known to date are also
active as clastogens to the bone marrow (Holden, 1982). Holden's observations
have remained true with addition of subsequent data : thus the potent new germ
cell mutagens acrylamide and ethylene oxide are both clastogenic to the bone
marrow (Natarajan and Obe, 1986).

Agents established as genotoxic in in vivo somatic cell mutation tests are
classified in the scheme as potential heritable germ cell mutagens. The fact
that somatic cell mutagenicity data cannot be taken as conclusive evidence of
heritable germ cell mutagenicity is again supported by the study undertaken by
Holden (1982) where 18 of 44 bone marrow clastogens were established as inactive
in one or more of a range of germ cell genotoxicity/mutagenicity assays. If
further data are required for a somatic cell mutagen then two possible courses
of action are proposed in the strategy of Figure 1. Either definitive heritable
germ cell mutagenicity studies are conducted, or germ cell genotoxicity assays
are undertaken. Evidence on germ cell genotoxicity may be derived from the group
consisting of the dominant lethal assay, assays for DNA damage in germ cells
(using autoradiography (Working and Butterworth, 1984) or whole tissue scintill-
ation counting (Sega et al., 1981)), or cytogenetic tests in cells in the
appropriate stages of spermatogenesis. With the possible exception of the
dominant lethal assay, data generated using germ cell genotoxicity tests can
only be regarded as providing evidence that a confirmed somatic cell mutagen has
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reached the testis and interacted with genetic material. Metabolism and tissue
distribution data may be used to prove that a somatic mutagen has reached the
germ cells. In many cases the difference between such data and data provided by
heritable mutagenicity tests may be negligible for predicting mutagenic
activity. 1t is also important to emphasise that, for some of these assays,
standard protocols for determining interactions with genetic material in germ
cells have yet to be agreed. The only possible weakness of the proposed strategy
is that it does not take specific account of chemicals which may uniquely
interfere with the metaphase spindle and thereby produce numerical mutations
(aneuploidy). However, this is not seen as a significant omission because the
known spindle poisons and modifiers (e.q. vinblastine, diethylstilboestrol, etc)
are also active as clastogens in vitro and as micronucleus inducing agents in
the bone marrow in vivo. In addition, at present no generally available and
adequately validated assays for aneuploidy exist (Dallarco et al., 1986).

The sciences of genetic toxicology and molecular biology are developing rapidly,
and new techniques, when appropriately validated, should be considered for use.
For example, molecular dosimetry techniques appear to offer the opportunity to
measure quantitatively the interaction between chemicals and gonadal DNA and
this could prove to be of significant value if appropriately validated.

D. CORRESPONDENCE OF PROPOSED TESTING STRATEGY WITH GOVERNMENTAL REQUTREMENTS

A review of the most important regulatory requirements for mutagenicity testing
is given in Appendix 2. Tt should be emphasised that regulatory authorities in
general require mutagenicity tests for both carcinogenic and mutagenic hazard
assessment.

Most countries require the submission of data from a battery of tests. This
battery of tests is however often not precisely defined. The number of tests
required varies between countries and there are also differences concerning the
genetic endpoints to be tested. Although types of tests to be performed are
clearly stated in most cases, only one regulatory proposal exists concerning the
interpretation of the results (EPA/FIFRA, 1982).

ECETOC does not see any need for further testing in those cases of negative
results in both primary tests. Where positive results are obtained in one or
both of the two primary tests, the proposed strategy is essentially in line with
most of the current national requlatory practices.
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USA/EPA - FTFRA (Draft)(1982)

An extensive battery is proposed with different kinds of tests covering gene
mutations, structural chromosomal aberrations and primary DNA damage. The
criteria for mutagenic and non-mutagenic chemicals are given. Additional data
are required in cases of inconclusive results.

NETHERLANDS/ Pesticides (1981)

The results of at least two tests are needed for a new registration. An in vitro
cytogenetic study is requested for all compounds being registered or re-
registered.

UK - Control of Pesticide Requlations (1986)

In the section on "Experimental Data", there is an invitation to submit mutage-
nicity data under "Supplementary studies". However, the tests required are not
prescribed but it is anticipated that negative results from the Salmonella (or
E. coli) mammalian - microsome test and chromosome analysis in_vitro would be

the minimum required to conclude that a chemical was not mutagenic. 1f positive
results were obtained it is anticipated that further in vivo tests would be
required to clarify the issue and provide a basis for risk assessment. The
Pesticide Registration and Surveillance Department would probably accept the
proposals of the TF in their present form which are in accordance with the UK-
DHSS (1981) quidelines.

ITALY/Pesticides (1978)
The performance of five tests is required. The requirement goes far beyond the
ECETOC proposal.

JAPAN/MAFF (1985)

Initially, three in vitro tests providing information on gene mutation, struc-
tural chromosomal aberrations and primary DNA damage are required. When further
examination is considered necessary based on the results of these studies, ap-
propriate in vivo studies should be selected. While there is a fundamental dif-
ference in the initial approach, the requirement for additional studies show
more accord with the strategy proposed in this Monograph.

EEC/Industrial Chemicals (1979, 1984)
The EEC "Base-set" includes one bacterial and one non-bacterial "mutagenicity"

test. A Salmonella microsome test together with a non-bacterial test e.qg. a
cytogenetic in vitro test would be acceptable. In place of a cytogenetic in
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vitro test a micronucleus or cytogenetic in vivo test could also be performed.
Positive results in either may trigger further studies on mutagenicity which
would include both in vitro and in vivo assays to provide further information on
point mutation and chromosomal damage. The proposed strategy in this Monograph
is in accord with the requirements of the EEC 6th Amendment of the Council
Directive of 1979 (EEC, 1979).

USA/EPA-TSCA (1985)

No guidance is given but a selection of tests is recommended which will provide
information on gene mutation, chromosomal damage, DNA damage and repair and
numerical abnormalities.

E. RECOMMENDATTONS

ECETOC recommends that regulatory authorities should be encouraged to amend and
reduce their requirements for mutagenicity tests and to recognise that
appropriate negative results in the Salmonella microsome assay and cytogenetic
in vitro tests are usually all that is required to demonstrate the lack of
mutagenic activity of a test substance.
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APPENDICES
Appendix 1
DEFINITIONS
Mutagen : "a mutagenic substance is a clearly defined chemical which can

generate a mutation in a particular cell or organism. A mutation is the result
of an interaction of the substance with genetic material leading to a change of
genetic information which can be passed from parent to progeny (from cell to
cell and/or from organism to organism)." (ECETOC, 1980).

Mutagenic activity : Potential of an agent to induce mutation.

Genotoxic activity : This term describes the general potential of an agent to
induce DNA damage. Genotoxic activity is usually followed by DNA repair and may,
but does not necessarily, lead to gene mutation, chromosomal aberrations, SCE
formation and various recombination processes.
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APPENDIX 2

REVIEW OF THE MOST TMPORTANT REGULATORY REQUTREMENTS

FOR_MUTAGENTCITY TESTING

S. typh
E. coli

B. sub
S. cere
S._pomb
N. cras
A, nid
D, melan
mam,
cytogen,
micronuc,.
seg.
recomb,
aneup.
uDs

SCE

RL

CT

HT

SLRL

DL

1. ABBREVIATIONS

Salmonella typhimurium
Escherichia coli
Bacillus subtilis

Saccharomyces cerevisiae

Schizosaccharomyces pombe

Neurospora crassa

Aspergillus nidulans

Drosophila melanogaster

mammalian

cytogenetics

micronucleus

segregation

recombination

aneuploidy

unscheduled DNA synthesis
sister-chromatid exchange
recessive lethal

cell transformation
heritable translocation
sex-linked recessive lethal
dominant lethal
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APPENDTX 3 : MEMBERS OF TASK FORCE

P. Arni (Chairman) CIBA-GETGY
(Basel)
J. Ashby ICT

(Alderley Park)

S. Castellino Farmitalia - Carlo Erba
(Milano)
G. Engelhardt BASF AG
(Ludwigshafen)
B.A. Herbold BAYER AG
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. PURCHASE (Chairman), Director, Central
Toxicology Laboratory

. SHARRATT, (Vice-chairman), Senior Toxicologist
. BROECKER, Coordinator, Product-related
Environmental Problems
. CATLLARD, Tndustrial Toxicological Service
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